This work studies the effects of the Troika austerity measures on the Portuguese manufacturing firms in terms of efficiency scores. We adopted a non-parametric approach, which combines multidirectional efficiency analysis with other techniques, to examine two empirical hypotheses after the financial crisis and corresponding intervention of the Troika measures: (a) the performance of firms in the manufacturing sector has improved; (b) the manufacturing sector significantly acquired long-term debt but use it in an efficient way. Our results show that validation of the first hypothesis heavily depends on the firm size, and the second hypothesis is correct only with respect to long-term debt acquiring. In fact, some sectors have managed to maintain an acceptable level of efficiency, according to the circumstances, however, most of them have showed some inefficiency in the management of resources and less than 10% have been able to overcome the difficulties emerged after the intervention of the Troika. A common tool to overcome a crisis is the acquisition of long-term debts, which was done by 77% of firms; but with a lower gain, since it was the most efficient input resourced used. On the contrary, our results show that the number of employees and total assets are better leverage to maintain efficiency.
Introduction
Due to the financial crisis started on 2008, many countries suffered strong economic deceleration and rising unemployment. There were strong consequences on industrial relations in all the 27 EU Members. In fact, the industrial relations had a decrease in the overall volume of bargaining, an increase in the number of agreements not being renewed, and a trend towards shorter agreements. There is also much evidence of pay pauses, pay freezes, pay cuts and working time reductions (Broughton & Welz, 2013) .
Some countries have received financial support to overcome financial difficulties. In fact, Greece, Ireland and Portugal are the three European countries that have requested financial rescue to the team composed of the International Monetary Fund (IMF), the European Central Bank (ECB) and the European Commission (EC) (the so-called Troika). The Troika in Portugal was implemented between May 2011 and May 2014, by including several austerity policies such as tax hikes and salary cuts. The IMF measures imposed on the Portuguese Government, after the request for financial redemption to the EC on 6 April 2011, aimed at reducing the deficit to 5.9% in 2011, 4.5% 2012 and 3% by 2013.
The European Union and the IMF's financial assistance program for Portugal was around EUR 78 billion and has been implemented for three years, including measures in taxes, salaries, public function, unemployment subsidy and companies. In the last years, we find some papers in the literature analyse the role of Portugal in the crisis and subsequent reaction to the intervention of the Troika, e.g. the work of Eichenbaum et al. (2016) , which evaluates the IMF's role in the 2011 program for Portugal and its surveillance of the Portuguese economy in the preceding decade. Blattner et al. (2016) and Abreu et al. (2013) are the other examples.
The main aim of this paper is to study two possible effects of the Troika austerity measures on the manufacturing sector at three distinct stages: efficiency levels; efficiency patterns; and efficiency determinants. We use a dataset of Portuguese manufacturing firms survived between 2014 and 2016.
There is a general opinion that Portugal has been profoundly affected by the global financial crisis, the impact of the recession and subsequent austerity on different economic sectors. A real study of the economic situation in Portugal must involve before, during and after the crisis. In previous works, the authors of this article studied the efficiency of the Portuguese firms on three time periods: pre-crisis (2006 ( -2008 ( ), pre-Troika (2009 ( -2011 and Troika (2012 Troika ( -2013 . This study is focused on the post-Troika (2014) (2015) (2016) period. The data is divided into seven sub-sectors (described in detail in the Section 3.1), since the effects over the efficiency of the manufacturing industry may not have been manifested equally for all sectors.
The most common technique for measuring the efficiency of Decision Making Units (DMUs) is the Data Envelopment Analysis (DEA) proposed by Banker et al. (1984) . The DEA approach has been widely investigated and applied to many fields and industries. However, DEA presents a range of issues that needed to be taken care of (e.g. non-homogeneous units, economies of scale, percentages and/or normalised data) that significantly limit its practice, see Dyson et al. (2001) . Moreover, DEA cannot be used to assess changes in inefficiency patterns, since it is based on radial contractions on all inputs and undesirable outputs and radial expansions on all desirable outputs. In order to counteract all the difficulties mentioned above (see Section 3.3 for details), in this work we use a more general nonparametric deterministic method for measuring efficiency, namely a model based in the Multidirectional Efficiency Analysis (MEA), proposed by Bogetoft and Hougaard (1999) . The advantages of the use of MEA, among the others, are it allows to investigate changes in efficiency patterns; the input reduction and output expansion reference points are selected proportionally to the possible improvements in efficiency identified when considering the improvement potential separately in each input variable and output variable. Many relevant papers in different fields use MEA instead of the traditional DEA. In Wang et al. (2014) , MEA is used to evaluate the environmental efficiency of industrial sectors of Chinese major cities. In Bi et al. (2014) , a nonradial DEA model with MEA involving undesirable outputs for the measurement of regional energy and environmental efficiency of China's transporta- Baležentis and De Witte (2015) ; Asmild et al. (2016) , and Kapelko and Lansink (2017) .
For our analysis, firms are divided into groups according to their size/scale by using a sample partition between micro, small, and medium plus large firms, since smaller firms tend to act differently than larger firms and are affected differently in numerous aspects of their economic behaviour. In fact, small firms differ from large firms in taxability, ownership, flexibility, industry, economies of scale, financial market access, and level of information asymmetry, see Scherr and Hulburt (2001) and Vermoesen et al. (2013) .
We choose the most meaningful variables to perform a coherent analysis of firm's efficiency, using Principal Component Analysis (PCA) proposed in Pearson (1901) , together with a dimensionality test described in Robert and Escoufier (1976) , in order to avoid loss of information or the introduction of random noise.
For processing the data and obtain the results presented, we develop a general sDL package based on the R language that is available online at http://sdl-vm2.mathdir.org/.
The remainder of the paper is laid out as follows. In the next section, a brief overview on Efficiency behaviour of the Portuguese manufacturing firms during the financial crisis and the hypotheses of this study are formulated. Section 3 discusses the MEA approach used in this study, Section 4 presents the main results, which allow to analyse the two hypotheses. In Section 5, some concluding remarks are formulated. At the end, we provide the appendix with the description of the MEA model used.
Review of literature and research hypothesis
Manufacturing industry in Portugal has been studied from different perspectives. The work of Matias et al. (2015) studies the determinants of capital structure of 1,488 small and medium size Portuguese companies belonging to the manufacturing sector. The analysis of a 2004-2011 panel data suggests that trade-off and pecking order theories are not mutually exclusive in explaining capital structure decisions. Pechankova (2016) studied that in which way the Portuguese manufacturing industry, and its respective sectors, has a direct and indirect impact on the creation of value added and employment and how this impact can be measured. The work of Cabral (2007) offers an in-depth analysis of Portuguese firms comprising entry and exit decisions, firm size, productivity and distortions to economic activity. In Amador (2011) a non-parametric approach is adopted to explore the relation between size, capital intensity and productivity in a set of four Portuguese manufacturing sectors: "food and beverages, clothing", "manufactured non-metallic mineral products" and "metallic products, except machinery and equipment". Amador and Opromolla (2009) states that the structure of the Portuguese textile and clothing sectors is based on small medium firms and the analysis of firm-level data reveals some reduction in their average size from 1996 to 2005. In Nogueira et al. (2017) , the Portuguese manufacturing industries are divided into high-tech and low-tech and study the approach that best justifies the wage gap, for the period between 2007 and 2014.
Specifically on the impact of the crisis, the majority of the works in the literature analyse the situation of the Portuguese economy in the general context without taken great focus in the manufacturing industry. Pedroso (2014) assessed how Portugal's strategy to deal with the international economic crisis has affected the country's economy and social situation. In Eichenbaum et al. (2016) , the IMF's role is evaluated in the 2011 program and its surveillance of the Portuguese economy in the preceding decade. In Gurnani (2016) , the origins of the financial crisis in Portugal are reviewed. It provides an overview of the program and its short-term impacts. The work of González (2014) outlines the main changes that the Portuguese labour market has suffered from following the deterioration of financial situation and particular attention is paid to the gender (and biases) of the crisis. Petmesidou and Guillén (2015) reviewed reform trends prior to and during the crisis in order to highlight convergent and divergent paths among Southern European countries, which hit the hardest and the longest by the post-2008 economic crisis. For other interesting works see Costa (2012) ; Heyes and Hastings (2016) ; Matos et al. (2015) and Blattner et al. (2016) .
Efficiency behaviour of the Portuguese manufacturing firms during the financial crisis
During the international economic crisis, the Portuguese economy, in general, had undergone some major changes, verifying an increase in closures of firms and an escalation in the number of insolvencies, which reached the highest value since 2007. According to the Portuguese National Statistics Institute, it has been reported that industrial production in Portugal had an average decreasing of -0.63%, from 2005 to 2015. However, some manufacturing firms show that the degree of reaction to the crisis is not necessarily negatively related to productivity. These firms show greater capability to adapt to changes either within their organization and/or in its environment.
In previous works, the authors of this article studied the efficiency of the Portuguese manufacturing firms on three time periods: pre-crisis (2006 ( -2008 ( ), pre-Troika (2009 ( -2011 and Troika (2012 Troika ( -2013 . The results show that the efficiency of firms decreased after the crisis for most of the subsectors except for manufacture of textiles and transport equipment. These subsectors showed the capacity to adapt to various changes brought by the crisis. The results also show that due to the financial crisis, the manufacturing sector acquired longterm debt deliberately. Moreover, even with long-term debts acquired, many firms failed in improving their productivity, indicating that the resource was used to support unfavourable situations and not to improve their efficiency globally. The food subsector was one of the few sectors that managed to maintain a stable performance during and after the crisis. Paradoxically, although it was not pointed out, among the subsectors that improved their efficiency after the crisis, the food subsector did not suffer major decay in their economicallyfinancial management. Furthermore, in this subsector there was an increase in the number of employees in the Troika period and, some firms improved the solvency without resorting to huge debts.
Research hypothesis
The weak financial capacity, poor preparation of human resources and the high dependence on external raw materials are some factors that usually negatively influence the strategic performance of the Portuguese manufacturing firms. Over time, it is expected that the negative effects of the European crisis would decrease and the market attains some stability, in line with efforts to reduce the losses in all the manufacturing sector.
The purpose of this study is to examine the effects of the financial crisis on efficiency of the manufacturing sector of Portuguese industry in three distinct phases: the levels of efficiency; efficiency standards; and determinants of efficiency. To this end, our study focuses on studying two main hypotheses.
(H1) With the intervention of the Troika, the performance of firms in the manufacturing sector has improved.
In the manufacturing sector, more than in any other sector in Portugal, the changes after the crisis were very noticeable. We intend to understand to what extent the intervention of the Troika has affected the performance of the firms.
(H2) After the financial crisis and corresponding intervention of the Troika, the manufacturing sector significantly acquired long-term debt and used it in an efficient way.
The intervention of the Troika led to tightening measures, in order to avoid as quickly as possible, the impairment in economical-financial management of the Portuguese firms. The acquisition of debt was one of the most common solutions assumed by the manufacturing firms to overcome the difficulties caused during the financial crisis. We intend to understand how the attitude of the manufacturing industry has changed due to the acquisition of the long term debt, after the intervention of the Troika, and how it has affected its efficiency in each of the subsectors.
Data and Methodology

Characterization of the data
The data set of study is collected from the Amadeus (Bureau van Dijk) database, which comprises financial information and other characteristics of the Portuguese firms operating in the manufacturing sector (NACE Rev.2-Statistical classification of economic activities in the European Community, section C, codes between 1000 and 3399). We considered only the firms with data available for all years in the period 2014-2016 and partitioned the manufacturing sector in seven subgroups as follows (NACE codes are in parentheses): 1) FOOD (1000-1299): Manufacture of food products, beverages and tobacco products -3,653 firms; 2) TEXT (1300-1599): Manufacture of textiles, apparel, leather and related products -5,167 firms; 3) MATER (1600-1899, 2200-2599): Manufacture of wood and paper products, and printing; Manufacture of rubber and plastics products, and other non-metallic mineral products; Manufacture of basic metals and fabricated metal products, except machinery and equipment -2,586 firms; 4) CHEM (1900-2099): Manufacture of coke, and refined petroleum products;
Manufacture of chemicals and chemical product -403 firms; 5) MED (2100-2199): Manufacture of pharmaceuticals, medicinal chemical and botanical products -68 firms; 6) EQUIP (2600-2899, 3100-3399): Manufacture of computer, electronic and optical products; Manufacture of electrical equipment; Manufacture of machinery and equipment n.e.c; Other manufacturing, and repair and installation of machinery and equipment -3,264 firms; 7) TRANSP (2900-3099): Manufacture of transport equipment -358 firms.
For this study, we analysed the (technical) efficiency of 46,497 units (i.e. 15,499 firms in three years). For each year and firm, we extracted from the Amadeus database the following 13 variables: (1) number of employees (NE); (2) cash and cash equivalent (CASH); (3) issued share capital (CAPITAL); (4) total assets (TASSETS); (5) long term debt (LT-DEBT), defined as the company's total debt due for repayment beyond one year; (6) profit margin (PROFITM), found by multiplying by 100 the result of dividing profit before tax by operating revenue; (7) current liabilities (CLIAB); (8) liquidity ratio (LIQR), defined by the difference between current assets and stocks, divided by current liabilities; (9) solvency ratio (SOLVR), calculated by multiplying by 100 the result of dividing the shareholders' funds and total assets; (10) sales (SALES); (11) EBIT margin (EBITM), calculated by multiplying by 100 the result of dividing the difference between all operating revenues and all operating expenses by operating revenue; (12) EBITDA margin (EBITDAM), found by multiplying by 100 the result of dividing the sum of operating profit and depreciation by operating revenue; and (13) cash flow (CASHFLOW).
Multidirectional efficiency analysis
This work uses MEA to study the effects of the Troika measures on the efficiency of the Portuguese manufacturing sector. The MEA efficiency model was proposed by Bogetoft and Hougaard (1999) and further developed in Bogetoft and Hougaard (2004) and Asmild and Pastor (2010) . In what follows, we give a general description of the model and fix notation. Further details are presented in the Appendix A.
Let n = (c, s, t) ∈ N be a tuple identifying the firm c ∈ C, the sector s ∈ S and year t ∈ T , which we call a firm/sector/year tuple, and [m] denotes the set 1, . . . , m, for some m ∈ N .
We consider that any given tuple n ∈ N produces j ∈ N outputs y j (n), j ∈ [J], using I ∈ N inputs x i (n), i ∈ [I], where the first 1 < D ≤ I inputs are the so-called discretionary inputs, i.e. variables that enter into the optimization process, because the non-discretionary inputs are variables that cannot be changed. Hence, x(n) ∈ R I is the vector of all the inputs and y(n) ∈ R J is the vector of all the outputs, for a given sector/year tuple n ∈ N . Our dataset Z = {z(n)} n∈N is the set of values z(n) = (x(n), y(n)) for all n ∈ N .
For a given dataset Z, the MEA score of each n ∈ N is then defined as
where α * i (n), β * j (n) and γ * (n) represent the corresponding optimal solutions to the linear optimization problems P α i (z, n), P β j (z, n) and P γ (z, n, α * , β * ), defined in the Appendix A. The MEA score is obtained by the directional contribution of each input and each output variable. In fact, for the input i ∈ [I] the contribution in the unit z(n) is given by . That means
For the outputs j ∈ [J] the contribution is given by (2) represents the input excess for each i ∈ [D] and the term γ * (n) (β * j (n) − y j (n)) in Equation (3) represents the output shortfall for each j ∈ [J].
One interesting feature of MEA is that the inefficiency of each input can be analysed individually. In fact, based on the input excess (see Appendix A) and using the ideas in Bogetoft and Otto (2011), we calculate the following Inefficiency Index
for each given input index i ∈ [I] and tuple n ∈ N . We refer to the inefficiency index to determine the number of times each input is used inefficiently, since our particular interest is to assess if global efficiency can be improved with less inputs.
Specific Characteristics of our Model
Dyson et al. (2001) reported some pitfalls and issues in the implementation of DEA/MEA that need to be avoided, namely, the following aspects are relevant to be mentioned in this work: -Economies of Scale: A unity may be too small to operate with optimal efficiency or so large that it becomes difficult to manage; -Percentages and other normalized data: The pitfall occurs when one tries to mix together indices, ratios and percentages, with volumes measures into variable selections.
Using the results in Hollingsworth and Smith (2003) , the two difficulties mentioned before are overcome simultaneity in this work, since, we consider the variable returns to scale VRS (see Banker et al. (1984) ). In fact, Hollingsworth and Smith (2003) explains why the Banker et al. (1984) formulation of DEA must be used when a ratio model is deployed. They prove that when DEA data are used in the form of ratios, use of the standard CRS (Charnes et al., 1978) model is technically incorrect, and should be rejected in favour of the VRS model.
One of the dilemmas when dealing with relative rankings, it is how to compare the units over time (i.e. different rankings). To clarify this point, we show the following toy example. In Table 1 , the efficiencies of three units (A, B and C) are calculated between two periods Portuguese Manufacturing during the Troika (T1 and T2). The dataset consists of two inputs (X1 and X2) and one output (Y). One natural way to compare two relative rankings is using standard statistical measures; as several authors do in the literature. However, the interpretation should be done quite carefully. A higher average efficiency score in T2 compared to T1, does not mean that a specific unit (e.g. C) improved its efficiency seen in an isolated context. In fact, unit C in T2 uses a higher amount of inputs to produce the same amount of output. It means is that when C is compared with the more efficient units A and B, its efficiency turns out to be closer to them (i.e. become more efficient in the same year). Looking more carefully, we also see that T2 is a more demanding year for all units, because in general the amount of input needed to maintain the same output has increased.
Therefore, a way to differentiate this to viewpoints is required. To overcome the latest issue, we define an index to measure the effort to obtain input resources in a sequence of years. For that, consider the notation in the previous section. First, we define the Effort Indicator of the set V of units, in the sector s between the period t j−1 and the period t j , as
where I is the subset of input indices where both minima are different from zero in the periods t j−1 and t j . Observe that all inputs are nonnegative and that a zero minimum on the numerator/denominator formally means that such input was introduced/removed in the second period, so it should not be used for the effort comparison. The Accumulated Effort of the set V of units, in the sector s in the time instance t k , is defined by
For further details, see Section 4 and Figures 3-5.
Hypotheses Analysis and Results
In this work, the performance of the manufacturing firms according to their sizes is studied. For such, we use the pre-established rules for the size classification, according to the European Commission recommendation (2003/361/EC), firms are classified as micro, small, medium or large using the following criteria. If a firm employs fewer than 250 persons and have either an annual turnover not exceeding 50 million euros or an annual balance sheet total not exceeding 43 million euros, it is included in the group of SMEs (micro, small and medium firms). Within this group, small firms are the ones which employ fewer than 50 persons and whose annual turnover or annual balance sheet total does not exceed 10 million euros. Finally, micro firms are defined as firms which employ fewer than 10 persons and whose annual turnover or annual balance sheet total does not exceed 2 million euros.
After analysing our dataset, we divided the data in three clusters by the number of employees, using the following criteria:
• Cluster 1 (cl1): firms with number of employees less than 10;
• Cluster 2 (cl2): firms with number of employees bigger or equal than 10 and less than 50; • Cluster 3 (cl3): firms with number of employees greater or equal than 50. Table 2 relates the cluster groups with the number of firms in each sector, and Figure  1 shows the distribution of the seven manufacturing sectors under study. The last column corresponds to the firms eliminated due to three possible reasons: (i) the obtained dataset does not have or have incorrect values for some variables (i.e. partial information); (ii) the firm does not exist during the entire studied period (i.e. it was established or/and did not survive); or (iii) the database included more firms in the recent years. Unfortunately, we did not find a proper way to distinguish between (ii) and (iii) precisely, nevertheless, the starting point number of firms along years tends to increase, suggesting (iii). Remember that our goal is to analyse the performance of firms, during three years after the intervention of the Troika (2014 Troika ( -2016 , for firms which survived the all period.
As we can see in Table 2 , more than 50% of the manufacturing firms in Portugal correspond to firms with a very small number of workers. In fact, the micro firms (cl1) represent 56.8% of the sample, the share of small firms (cl2) is 33.2% and the other size firms' (medium or large firms) is 9.9%. To continue, we use the standard multivariate technique so-called Principal Component Analysis (PCA), in order to determine the most meaningful input and output variables, by coupling it with a test of dimensionality introduced in Dray (2008) . Such approach is used to avoid loss of information (underfitting) or the introduction of random noise (overfitting). The procedure is based on the computation of the RV coefficient, introduced in Robert and Escoufier (1976) . From applying PCA and the dimensionality test, we obtain that the "best" variables, in the sense that are more representative/explanatory, that should be considered in the calculation of the efficiency of manufacturing firms. The inputs are: NE, TASSETS, LTDEBT, CLIAB; and the outputs are: PROFITM, LIQR, SOLVR, EBITM, EBITDAM.
About the hypothesis (H1):
With the intervention of the Troika, the performance of firms in the manufacturing sector has improved For analysing the performance of the firms during the period post-Troika (2014-2016), we examine the different subsectors and try to establish differences in their levels of efficiency. We apply the MEA technique to the nine variables selected in all subsectors. Define EFF as the subset of tuples n = (c, s, t) such that 0.5 ≤ M EAZ(n) ≤ 1.0 for a fixed sector s ∈ S, where M EAZ(n) denotes the MEA score (see Equation 1). In Figure 2 , the EFF mean for each cluster is represented. As we can see, none of the sectors showed a constant improvement, all showed ups and downs. In fact, firms that improved their level of efficiency in 2014, this decreased in the year to follow and vice versa.
However, the sectors CHEM, MED and TRANSP were consistently more efficient than the other subsectors along the years. Meanwhile, the least efficient subsectors vary depending on the cluster. The subsector MATER remains as one of the most unstable sectors, changing its efficiency level from cluster to cluster. The intention of Figure 2 is showing the distribution of efficiencies above 0.5 by plotting the mean (average) value of EFF, through the years, in order to characterize how the firms of different size were influenced in each sector. Hence, higher values in the plot don't mean that the sector is globally more efficient, since the firms with efficiency below 0.5 are not considered there. It says that the firm's efficiency is more concentrated on the top.
To understand the effort made in each year to acquire inputs, we calculated the accumulated effort indicator AEI (see Equation 6), represented in Figures 3-5 . The set of firms used here are the ones with MEA score above 0.75. If the threshold includes the subset of all the more efficient firms, it turns out to be invariant to the choice of value. Since the ideal firm is the one that is able to minimize all the inputs and, at the same time, maximize all the outputs, Figures 3-5 show the effort of each sector to acquire the inputs required to maintain the ideal unit, i.e. theoretically the most efficient firm in the scenario. As we can see, in general terms, all the companies showed very different behaviours in each sector. The TEXT, TRANSP and MED sectors required more effort than other sectors, to have a good performance in clusters 1, 2 and 3 respectively. In contrast, the MED, TRANSP and MATER sectors showed greater ability to manage their resources in the same clusters.
In Figures 3-5 , we can see the importance of the classification of companies. A clear example is the behaviour of the TEXT sector: smaller companies (cluster 1) required a greater effort than other sectors to maintain the ideal unit, see Figure 3 . The medium-sized companies (cluster 2) maintained an almost linear behaviour, showing a more balanced control of their resources throughout the study period, see Figure 4 . The large companies (cluster 3), reflected great flexibility in the management of their resources, especially in the last year, see Figure 5 .
We may extract three relevant quantities from the efficiency scores. Fixed s ∈ [S] and t ∈ [T ], we define: efficient firms (EFF) as the percentage of tuples n such 0.5 ≤ M EA(n) ≤ 1.0; fully efficient firms (FullEFF) as the percentage of firms with efficiency equal to 1.0; and null efficient firms (NullEFF) as the percentage of firms with efficiency equal to 0. Analysing the resulting ratios efficiencies, we noticed that it is difficult to establish a behaviour rule. To determine in detail the type of differences that are presented, we compare the MED sector with TRANSP. A summary of the resulting ratios efficiencies of CHEM and TRANSP in the three clusters is provided in the Table 3 . As we can see, EFF has the highest percentage in cluster 3, in the year 2016 for both sectors. In cluster 1, the two sectors also show a similar behaviour with a better level of efficiency in 2014. For the cluster 2, the ratios are very different from year to year. We point out that the percentage of FullEFF is always lower than NullEFF for cluster 1 (micro firms) and 2 (small firms), but not for cluster 3 (other size firms). Such outcome is a reflection of the fact that, whenever the outputs were negative, the firm received automatically zero efficiency score, which makes sense since the outputs are ratios that whenever have negative values translate into loss or inefficiency in some precise sense. Therefore, the main conclusion is that micro and small firms were badly affected by Troika measures but medium and large firms were able to improve.
About the hypothesis (H2)
The hypothesis (H2) translates to analyse whether during the post-Troika period, LT-DEBT was one of the variable more used inefficiently in all subsectors. To this end, we use the inefficiency index (Equation 4).
Detailed results of the inefficiency index for all sectors with respect to the three clusters, are presented in Table 4 . The percentages in the table, represent the number of times each input was used inefficiently (excess inputs). As we can see, during the post-Troika period, the three clusters showed again very different behaviours with respect to the variation of the values during years for a fixed subsector. Nevertheless, we may say that, in the three clusters, the variable that is used with less efficiency is LTDEBT, in all years; except for TRANSP in 2016 (cluster 1), for MED in 2014 (cluster 3), and EQUIP (cluster 2), in which the variable that is used with less efficiency is CLIAB in all post-Troika period. This tells us that (H2) cannot be validated with respect to the usage of LTDEBT, since the general behaviour is precisely the opposite. Since the other variables do not show a clear trend, it is difficult to establish which variable is the best to use. See, for instance, the inefficiency index for all sectors with respect to cluster 2 in 2014, in Figure 6 . We are interested in analysing the changes after the crises by the subsectors in each cluster to determine if the efficiency patterns present similarities between these subsectors, regarding the acquisition of debt. As mentioned before, LDEBT was the variable most used inefficiently in most subsectors (77%), so we may assume that the post-Troika period increased the acquisitions of debt. The proportion of inefficiency of LTDEBT with respect to the clusters for the year 2014, is presented in Figure 7 . The idea is comparing the proportion of difference presented in the acquisition of debt in each sector versus the cluster to which they belong. A direct observation is that the micro firms (cl1) borrowed more after the intervention of the Troika, followed by the small firms (cl2).
In this work, we examine the effects of the intervention of the Troika on the efficiency scores of 15.5k firms, obtained from a set of Portuguese manufacturing firms in the postTroika (2014-2016) period. Our study involve all the Portuguese firms of manufacturing industry of Amadeus database, divided in seven sectors.
We adopte the Multidirectional Efficiency Analysis as the main tool to address two empirical hypotheses:
(H1) With the intervention of the Troika, the performance of firms in the manufacturing sector has improved ; (H2) After the financial crisis and corresponding intervention of the Troika, the manufacturing sector significantly acquired long-term debt and used it in an efficient way.
Our results show that the first hypothesis was rejected and the second hypothesis was partially confirmed. As expected, although Portugal has been deeply affected by the global financial crisis, the impact of the recession and subsequent austerity on manufacturing sector has not been uniform. Some sectors have managed to maintain an acceptable level of efficiency, according to the circumstances presented, as long as others have resorted to strategies such as acquisition of a long-term debt, which have offered a momentary solution, although have not produced the best results in their firms in terms of solvency and profit.
On the other hand, in many countries, the crisis and the resulting national austerity measures had a negative impact on labour markets. In general terms, the global financial crisis led to a reduction in the supply of credit, which interferes with firms depending on their size. In fact, small firms differ from large firms in many aspects (taxability, ownership, flexibility, financial market access, etc.) and in this sense it is clear that small firms have a lower financing capacity, which ends up with generating greater impact on them. Our results show that in Portugal, one of the biggest drawbacks is the fact that more than 50% of the manufacturing firms are micro-firms; but only 9.9% of them corresponds to the medium and large firms. The bigger firms, reflected some ability to overcome the difficulties presented after the intervention of the Troika, reducing the acquisition of long-term debts but the micro and the small firms had the opposite behaviour. It should be noted that in Portugal, only the manufacture of pharmaceuticals, medicinal chemical and botanical products sector has a greater number of medium and large firms than micro and small firms; but this sector only corresponds to 0.4% of the manufacturing sectors.
